Electron redistribution on binding of a substrate to an enzyme: folate and dihydrofolate reductase.
The migration of electron density of a substrate (folate) on binding to an enzyme (dihydrofolate reductase) is studied by a quantum-mechanical method originally developed in solid state physics. A significant polarization of the substrate is induced by the enzyme, toward the transition state of the enzymatic reaction, at the same time giving rise to "electronic strain energy" in the substrate and enhanced protein-ligand interactions. The spatial arrangement of protein charges that induces the polarization is identified and found to be structurally conserved for bacterial and vertebrate dihydrofolate reductases.